The electrogastrographic indices of spectral frequency, instability factor (IF), power amplitude, and power content (%) were compared between control subjects (C), and subjects following either total gastrectomy (TG), total colectomy (TC), distal gastrectomy (DG) or colonic replacement surgery (CR). In the fasting state, both the spectral frequency and IF of the epigastric 3-cycle per minute (cpm) group of the TC subjects were significantly lower than those indices in C, TG, DG, and CR subjects. In contrast, the power amplitude and power content of the epigastric 3-cpm group of both TG and DG subjects were significantly lower than those of C and TC subjects. The original epigastric waves of TG had remarkably high amplitudes. Furthermore, the absolute power of the epigastric 3-cpm of the TC subjects was 10 times higher than that in either the C or TG subjects. These results may be partially explained by the assumption that the recorded epigastric electrogastrography (EGG) is mainly contributed to by the 3-cpm myoelectric activity of the stomach and colon, while the infraumbilical EGG is mainly contributed to by the 3-cpm myoelectric activity of the colon. Topographic EGG maps visually supported these assumptions.
Introduction
Local differences are observed in the topograhic electrogastrographic (EGG) maps recorded at 27 different thoraco-abdominal locations in normal control subjects as well as in subjects who have undergone total gastrectomy (TG), total colectomy (TC), distal gastrectomy (DG) and colonic replacement (CR) surgery (Homma et al., 1999; Homma et al., 2003; Homma, 2005; 2009) . Previous studies have compared the average power amplitudes of the 27 channels in 5 spectral Correspondence to: Dr. Shinji Homma, Professor emeritus, Takaido-higashi 3-22-7, Suginami-Ku, Tokyo 168-0072, Japan Phone: +81-3-3332-1483 Fax: +81-3-3332-1483 e-mail: sjnhomma@jcom.home.ne.jp groups (Homma et al., 1999 , Homma et al., 2003 , and the average-EGG indices of the spectral frequencies and both their instability factor (IF) and power amplitudes of the epigastric (mean of channels 3, 4, 5 and 6), supraumbilical (mean of 7, 8 and 9), and infraumbilical locations (mean of channels 12, 13 and 14) (Homma, 2005) . Comparison of the averaged data did not reveal any clear local differences in the EGG indices (Homma et al., 1999) . However, comparison of the EGG indices in each of 16 channels of non-averaged data showed clearer significant local differences in controls. The control infraumbilical frequency and the IF of both of the 3-and 6-cpm groups were higher than those of the epigastric frequencies. Conversely, both the epigastric power amplitude and the power content of the 3-and 6-cpm groups were higher than those of the infraumblical ones (Homma, 2009) . Similar non-averaged data analysis in each of the 16 channels of the surgical groups indicates that there are also local differences in the EGG indices of surgically operated subjects. Indeed, non-averaged data analysis of the surgical group produced similar local differences to that seen in normal controls. As age-matched controls could not be obtained for the surgical cases, it was necessary to compare the 16 channel recordings of the surgical cases with 16 channel recordings of non-age-matched controls (see Discussion).
Methods

Control subjects, patients and methods
This project was conducted with the approval of the ethics committee of Niigata University, Faculty of Medicine (project no. 179). Informed consent was obtained from all of the subjects. Control data were obtained from 58 physiology students (52 males, 6 females), ranging in age from 20-38 (some ages were not known, and thus the mean age could not be obtained). Postprandial sampling was recorded after having a test meal (Cup Noodle, 363 kcal/cup, Nissin, Japan). However, all of the control subjects had not had meals and the postprandial sample number was either 54 or 55 in different trials. It was impossible to maintain identical meal size for both control and surgical subjects, thus postprandial data were effective within the control group or within each surgical group, but inter subgroup comparison was less meaningful. Data from the patients in this study were obtained from outpatients after either total gastrectomy (TG), total colectomy (TC), distal gastrectomy (DG), or colonic replacement (radical esophagectomy plus colonic replacement, CR) at the Niigata University Medical and Dental Hospital. There was a wide range of both ages and the time since surgery in the patients, depending on the type of surgery; TG (67.6 ± 11.8 years old, 63.0 ± 67 postoperative months, n=9) due to gastric cancer, TC (39 ± 13 years old, 43.3 ± 29.3 postoperative months, n=10) due to ulcerative colitis , DG (Birlloth I, 72 ± 3.3 years old, 115 ± 31.7 postoperative months, n=12) due to gastric cancer, and CR (without residual stomach: 66.2 ± 4.3 years old, 64.0 ± 33.7 postoperative months, n=5) due to esophageal and gastric cancer. Previous data from the 27 locations were added to the analysis of the superimposed topographic EGG maps for clearer demonstration of the control and the surgery-associated differences, including a TG (n=7), and TC (n=7) (Homma et al., 1999) and DG (n=12, after Homma et al., 2008 and n=10, unpublished data) and CR (n=6) (Homma et al., 2003) . Therefore, the total case number was 16 for TG, 17 for TC, 22 for DG and 11 for CR (Fig. 3) .
The methods for recording and analyzing EGG and drawing the EGG maps were the same as those described in previous studies (Homma, 1997; Homma et al., 1999; Homma, 2005) . Briefly, the unipolar EGGs were recorded from 16 channels (ch) from the thoraco-abdominal skin surface ( Fig. 1) , using a reference electrode on the right leg. A modified electroencephalographic (EEG) recorder was used (time constant = 5 sec, high cut = 0.5 Hz, low cut = -6 dB/oct and high cut = -12 dB/oct, Biotop 6R 12-4, NEC-San-ei, Japan). The skin was cleaned with ethanol, and electrode cream was applied to the disc electrodes for the EEG (diameter = 11 mm). The electrodes were fixed on the skin with surgical tape. Fasting or resting EGGs were recorded for about 20 min, after the subjects had fasted for more than 8 hours and sampled every 128 sec at 1 sec clock (1 file). The fasting controls were recorded and the subjects had a meal (Cup Noodle; Nissin, Japan, 364 kcal/cup) for recording the postprandial EGG for about 20 min. The test meal in the surgical subjects was one or two blocks of Calorie Mate (100 kcal/block, Otsuka Pharmaceutical Co. Ltd., Japan). The files were analyzed using the maximal entropy method (MEM). The spectral frequency groups were classified into five groups: the 1-cpm group (0-2.4 cpm), 3-cpm group (2.5-4.9 cpm), 6-cpm group (5.0-7.4 cpm), 8-cpm group (7.5-9.9 cpm) and 10-cpm group (10.0-12.9 cpm). Ensemble means were obtained both during fasting and in the postprandial state (after having consumed the meal) to obtain the mean spectral power amplitude and power content and the mean spectral frequency for the five spectral groups of each of the 16 channels. The power content was defined as the power content of a certain frequency group to the total power of the spectrum. The instability factor (IF) of a fasting spectrum group for each channel was calculated as the standard deviation of a spectrum group/mean spectrum of a spectrum group (Chen et al., 1994) . Spectral frequencies, IF, power amplitudes and power content of each of the 16 channels and 5 spectral groups were calculated, but only the epigastric (ch.5 and ch.8) and infraumbilical (ch.12-ch.16) indices (Tables 1-4) are listed to be consistent with the previous paper (Homma, 2009) , because the tables would be too large if indices of all 1-16 channels had been included. The electrode positions were represented by two-dimensional standard coordinates, Xi and Yi and a spectral peak at a certain electrode position was expressed as Zi = (Xi,Yi) (Homma, 1997; Homma et al., 1999; Homma, 2006) . The Xmax and Ymax were about 32 and 36 cm. Thereafter, the contour map program was introduced and EGG maps were drawn for the power amplitude (Homma, 1997) . Usually, isopower 3.5 ± 0.07 6.2 ± 0.07 9.0 ± 0.09 11.2 ± 0.08 DG 1.3 ± 0.02 3.6 ± 0.08 6.2 ± 0.08 8.8 ± 0.14 11.1 ± 0.11 CR 1.4 ± 0.08 3.4 ± 0.16 6.1 ± 0.06 8.8 ± 0.09 11.0 ± 0.24 mean ± S.E., C, n=58, TG, n=9, TC, n=10, DG, n=12, CR, n=5. lines were drawn at intervals of 1/20 of the maximal power of each spectral group to obtain the maximal power foci. The mean and standard errors (S.E.) were calculated and the Student's t-test was used to determine statistical significance. P values below 0.05 were considered to be significant.
Results
Original EGG waves drawn in piled manner
Postprandial increases of the original waves are clearly seen in control epigastric ch.5 and infraumbilical ch.15 (Fig. 2, A1 and A3) . This postprandial effect is augmented in the running spectrum ( Fig. 2 , A2 and A4 of below 3-cpm). Postprandial effects were not so clear in the DG and 9.6 ± 0.5 6.7 ± 0.5 4.1 ± 0.6 1 TC 24 ± 3.4 8.7 ± 2.3 3 14 ± 4.0 5.9 ± 0.6 4.3 ± 0.6 1 DG 25 ± 2.3 20 ± 1.4 2 9.6 ± 0.8 7.5 ± 0.5 5.5 ± 0.7 CR 20 ± 1.5 18 ± 1.2 9.1 ± 0.9 6.7 ± 1.0 4.6 ± 0.6 ch.8C 25 ± 1.6 18 ± 0.9 9.4 ± 0.4 7.1 ± 0.3 5.7 ± 0.3 TG 23 ± 1.5 17 ± 1.8 8.8 ± 1.1 7.2 ± 0.6 4.4 ± 0.6 TC 26 ± 3.9 13 ± 2.5 10 ± 1.6 1 7.3 ± 0.7 4.8 ± 0.6 DG 26 ± 2.5 17 ± 1.4 9.9 ± 1.0 7.4 ± 0.5 5.6 ± 0.5 CR 21 ± 4.9 17 ± 1.9 11 ± 0.5 6.3 ± 1.0 5.0 ± 0.6 ch.12C 24 ± 1.0 21 ± 0.5 9.2 ± 0.3 7.8 ± 0.3 1 6.6 ± 0.3 TG 24 ± 1.8 18 ± 1.4 2 11 ± 1.1 6.5 ± 0.4 2 6.4 ± 0.6 2 TC 19 ± 3.0 16 ± 1.6 9.6 ± 0.8 6.1 ± 0.5 1 4.9 ± 0.5 DG 21 ± 2.6 20 ± 1.5 9.6 ± 0.6 7.6 ± 0.5 5.4 ± 0.5 CR 21 ± 3.2 20 ± 2.7 9.4 ± 1.0 6.8 ± 0.9 5.8 ± 1.0 ch.13C 26 ± 1.0 1 20 ± 0.6 1 10 ± 0.4 7.1 ± 0.3 1 6.1 ± 0.3 TG 21 ± 2.1 17 ± 0.9 9.6 ± 1.0 5.4 ± 0.9 2 6.0 ± 0.6 1 TC 22 ± 2.5 19 ± 2.4 8.9 ± 0.8 5.7 ± 0.9 1 4.5 ± 0.7 DG 21 ± 2.2 19 ± 1.3 9.2 ± 1.1 6.9 ± 0.5 5.0 ± 0.6 CR 27 ± 1.8 20 ± 1.7 11 ± 1.2 7.7 ± 2.5 5.9 ± 1.0 ch.14C 26 ± 1.1 2 20 ± 0.6 9.7 ± 0.4 7.2 ± 0.3 6.2 ± 0.3 TG 19 ± 2.2 19 ± 1.4 9.0 ± 1.0 7.4 ± 0.7 4.8 ± 0.8 1 TC 23 ± 3.2 20 ± 2.2 10 ± 0.6 7.3 ± 0.7 7.5 ± 0.7 1 DG 26 ± 1.7 1 19 ± 1.7 9.3 ± 0.7 6.7 ± 0.6 5.0 ± 0.6 1 CR 21 ± 3.2 20 ± 3.2 8.2 ± 0.6 6.0 ± 1.0 4.8 ± 1.0 ch.15C 26 ± 1.0 19 ± 0.7 9.3 ± 0.4 1 7.0 ± 0.3 6.5 ± 0.3 TG 24 ± 2.6 21 ± 1.2 11 ± 0.6 1 6.8 ± 0.6 6.4 ± 0.6 TC 23 ± 2.0 19 ± 1.8 1 2 10 ± 0.8 1 3 7.2 ± 0.7 5.7 ± 0.6 DG 23 ± 2.3 14 ± 1.3 3 7.6 ± 0.6 7.1 ± 0.6 5.5 ± 0.6 CR 21 ± 3.4 21 ± 1.0 7.3 ± 2.0 5.6 ± 1.2 5.3 ± 0.7 ch.16C 26 ± 1.1 20 ± 0.6 10 ± 0.4 7.2 ± 0.3 6.3 ± 0.3 TG 25 ± 1.6 18 ± 1.4 11 ± 0.7 1 1 7.7 ± 0.7 4.9 ± 0.6 1 TC 23 ± 2.5 18 ± 1.7 8.2 ± 0.7 6.2 ± 0.8 6.5 ± 0.6 DG 28 ± 2.6 21 ± 1.1 1 8.9 ± 0.8 2 6.1 ± 0.9 5.5 ± 0.6 CR 25 ± 3.3 17 ± 1.5 11 ± 0.6 6.3 ± 1.0 4.3 ± 1.0 mean ± S.E., C, n=58, TG, n=9, TC, n=10, DG, n=12, CR, n=5. CR subjects. The postprandial augmentation of the original waves was not easily recognized in either the TC subjects (Fig. 2, C1 and C3) or the TG subjects (Fig. 2, B1 and B3). However, the running spectrum showed serial 10-cpm peaks of the intestinal myoelectric activity that were clearly visible both in the TG subjects (Fig. 2 , ch.5 of B2 and ch.15 of B4) and the TC subjects (Fig.   2 , ch.15 C4). The original waves of the TC subjects are remarkably higher than that in the control subjects as well as the TG DG, and CR subjects (Fig. 2, A1 , B1, C1, D1 and E1). This is augmented in running spectra of the TC subjects.
The spectral frequency and instability factor (IF)
The fasting frequency of 3-cpm of the TC subjects was lower than the C and surgically treated subjects in epigastric ch.5 and in infraumbilical ch.14 and 15 and was significantly different from that of the TG, DG, and CR subjects in ch.5. The TC subjects fasting frequency of 3-cpm was significantly lower than that of the DG subjects in ch.13, of both C and CR subjects in ch.14 and of both C and DG subjects in ch.15. The fasting frequency of 3-cpm of both TG and DG subjects were significantly higher than that of the C subjects in ch.5. The fasting IF of the TC subjects was lower than that of the C and surgically treated subjects and was significantly lower than that of the C subjects in both epigastric ch.5 and infraumbilical ch.12.
Power amplitude
Conspicuously dominant 3-cpm peaks were often recognized in the epigastric running spectra of the TC subjects as in the case of the original waves (Fig. 2, C2 ). In fact, one order higher absolute values are seen in the epigastric channels in the fasting state (Table 3 ). The fasting ch.12C 32 ± 1.6 22 ± 0.8 16 ± 1.2 13 ± 1.1 12 ± 1.0 1 TG 32 ± 2.6 23 ± 1.6 16 ± 2.9 14 ± 1.7 8.4 ± 1.4 TC 26 ± 3.5 29 ± 4.2 11 ± 8.3 17 ± 3.0 13 ± 2.4 DG 32 ± 2.9 23 ± 1.9 13 ± 1.3 13 ± 2.5 11 ± 1.4 CR 32 ± 4.1 21 ± 2.7 12 ± 1.6 13 ± 4.0 14 ± 3.2 ch.13C 31 ± 1.5 24 ± 0.9 14 ± 0.8 13 ± 0.9 15 ± 1.4 2 TG 32 ± 3.3 25 ± 1.6 16 ± 2.0 14 ± 3.6 10 ± 1.7 TC 25 ± 2.4 1 25 ± 2.5 14 ± 0.9 17 ± 2.3 2 16 ± 3.4 1 DG 38 ± 3.6 2 25 ± 2.1 12 ± 1.2 10 ± 1.2 11 ± 3.7 CR 34 ± 3.6 27 ± 1.4 13 ± 1.6 13 ± 3.8 8.4 ± 1.6 ch.14C 35 ± 1.8 23 ± 0.8 14 ± 0.9 12 ± 0.9 13 ± 1.0 TG 36 ± 2.3 23 ± 1.9 14 ± 2.6 1 12 ± 1.9 12 ± 1.7 TC 37 ± 4.7 26 ± 2.5 14 ± 2.0 1 9.4 ± 2.0 11 ± 1.8 DG 41 ± 4.2 24 ± 1.5 11 ± 1.1 9.8 ± 2.2 10 ± 3.3 CR 37 ± 5.6 24 ± 3.7 10 ± 1.6 9.8 ± 2.8 15 ± 4.2 ch.15C 34 ± 1.4 24 ± 0.9 14 ± 0.8 13 ± 1.0 11 ± 1.0 TG 32 ± 2.8 25 ± 2.6 16 ± 2.1 1 16 ± 2.1 8.1 ± 1.8 1 TC 30 ± 3.7 1 26 ± 2.0 11 ± 0.9 1 16 ± 2.6 15 ± 2.6 DG 36 ± 3.0 1 25 ± 1.5 14 ± 1.1 11 ± 1.3 9.4 ± 1.4 CR 24 ± 4.3 22 ± 3.1 12 ± 1.1 19 ± 7.5 17 ± 5.7 ch.16C 35 ± 1.6 24 ± 0.9 13 ± 0.7 12 ± 0.9 12 ± 1.0 TG 37 ± 3.0 23 ± 1.2 15 ± 1.1 12 ± 1.7 11 ± 1.6 TC 34 ± 3.5 23 ± 1.5 13 ± 1.3 2 2 1 15 ± 2.4 13 ± 2.5 DG 41 ± 3.6 26 ± 1.7 11 ± 0.8 10 ± 1.8 13 ± 5.2 CR 43 ± 6.2 21 ± 2.0 9.4 ± 1.2 11 ± 3.5 12 ± 3.8 C, n=58, TG, n=9, TC, n=10, DG, n=12, CR, n=5. 3 , P<0.001: 2 , P<0.01: 1 , P<0.05.
Fig. 3.
Retouched and superimposed topographical EGG maps of the 5 spectral groups, 1-cpm (0-2.4), 3-cpm (2.5-4.9), 6-cpm (5.0-7.4), 8-cpm (7.5-9.9) and 10-cpm (10.0-12.9) of control (fast, n=58, and postprandial, n=54-55; the first column), total gastrectomy (TG, n=16; the second column), total colectomy (TC, n=17; the third column), distal gastrectomy (DG, n=22; the fourth column) and colonic replacement (CR, n=11; the fifth column). Maximal power foci (MPFs) were retouched and superimposed on a map of each frequency group. The resting MPFs are encircled with thin lines and postprandial ones with thick lines.
Fig. 2. Samples of the original waves and the running spectra of the control (A), TG (B), TC (C), DG (D)
, CR (E) subjects recorded from epigastric ch5 and infraumbilical ch15 in each case. Small bars on the right side of each original piled wave (A1, A3, B1, B3, C1, C3, D1,D3, E1, E3) and spectral array (-) (A2, A4, B2, B4, C2, C4, D2, D4, E2, E4) indicate the time of having a meal. The original sampled waves (A1, B1, C1, D1, E1, A3, B3, C3, D3, E3) were drawn in the form of running spectra (A2, A4, B2, B4, C2, C4, D2, D4, E2, E4). Units of ordinates are 1 mV for all the original waves and 20,000 μV 2 for the running spectra of the control and TG (total gastrectomy), but 1,000,000 μV absolute power of 3-cpm in the TC subjects was higher than both the C and surgically treated subjects and significantly higher than the C, TG, and DG subjects in epigastric ch.5. Conspicuous 10-cpm peaks were often recognized in the running spectra in the TG and TC subjects (Fig. 2, B2 , B4, C4) and the absolute power of the 10-cpm peaks of the TG and TC subjects were often higher than in the control (Table 3) . However, a significant difference (P<0.05) was just found between the TG subjects (13.8 ± 1.9) × 10 3 μV 2 , and the control, (6.7 ± 0.9) × 10 3 μV 2 , in the fasting ch.2 of the 10-cpm peaks (not shown in the Table) . The significant differences at other frequencies, 1, 6, 8, and 10-cpm are shown in Table 3 .
Power content
The fasting power content (%) of 3-cpm of both TG and DG subjects were significantly lower than both C and TC subjects in epigastric ch.5. That of the DG subjects was also significantly lower than the C subjects in ch.8. The fasting power content of the 3-cpm group of the TC subjects was higher than that of both C and surgically treated subjects and significantly higher than that of the TG, DG and CR subjects in ch.5. In addition, it was significantly higher than that of the C subjects in epigastric ch.8. The fasting power content of 3-cpm of the CR subjects was significantly lower than that of the C subjects in ch.5 and 8 (Table 4 ). The power content of the 3-cpm epigastric peaks in the CR subjects was significantly lower than that in either C and or TC subjects in the fasting state in ch.5 and ch.8. Other significant differences in 1, 6, 8 and 10-cpm are also listed in Table 4 .
Topographic EGG maps and maximal power foci
The epigastric 3-cpm maximal power foci (MPF) of the TG, DG, and CR subjects are not as concentrated as in the control and TC subjects in superimposed MPF maps. However, a slight concentration of epigastric 3-cpm MPF are seen in the DG subjects. The infraumbilical MPF of the TC subjects in the 3-and 6-cpm groups were sparse in comparison to the control, TG, and DG subjects (Fig. 3) . These findings are also confirmed in the colored topographic EGG maps (Fig. 4) . The postprandial dense concentration of MPF and purple area or columns on the left and right side are seen in the infraumbilical left and right side of 1-cpm group and right side of 6-cpm group of the control group. These columns were not seen in either the TC or CR subjects (Figs. 3 and 4) .
Discussion
This study was unable to record age-matched controls for the surgical cases, TG (67.6 ± 11.8 years old, n=9), TC (39 ± 13, n=10), DG (72 ± 3.3, n=12), and CR (66.2 ± 4.3, n=5). There are no reports on the effect of ageing and the multiplying factors on EGG indices in a large cohort and the current data could not be corrected by age-matching. Therefore, the younger controls of 20-38 years old were used in these studies (Homma, 2005; 2006; 2009) . However, the comparison of the case to case matched preoperative and postoperative comparison of the total gastrectomy (62 ± 3.4 years old, n=7) and total colectomy (39 ± 5.8 years old, n=7) gave qualitatively similar results indicating that the spectral activity of gastric EGG activity is 3-cpm and of colonic EGG activity is 3 and 6-cpm (Homma et al., 1999) . Mean fasting preoperative power amplitudes of these subjects (63 ± 7.8 years old, n=17) and control subjects used in this study (20-38 years old, n=58 ) are similar and their differences were not statistically significant, especially in 1-cpm group (pre, preoperative, 17 ± 3.3 × 10 4 , c, control, 11 ± 2.0 × 10 ). Furthermore, postoperative EGG analysis of short bowel syndrome of the children after massive bowel resection, (9 ± 1.5 years old, n=6) also gave similar qualitative results (Homma et al., 2000) . Therefore, it may be safe to apply the assumption to any age and this yielded results which confirmed previous findings of gastric and colonic differences in EGG indices. The spectral frequency and IF of the epigastric 3-cpm group of the TC subjects were significantly lower than those of the C, TG, DG, and CR subjects in the fasting state. The power amplitude and power content of the epigastric 3-cpm group of the TG and DG subjects were significantly lower than those of both C and TC subjects. These results may be explained by assuming local differences in EGG and that the epigastric EGG mainly reflects myoelectric activity of both the gastric and colonic 3-cpm groups while the infraumbilical EGG reflects that of the colonic 3-cpm group only.
Original waves
The original EGG waves before and after TG were presented previously (Homma et al., 1999) ; however, this is the first study to show the original waves of control, TG, TC, DG and CR subjects as running spectra as in the gastric tube formed after an esophagectomy (Terashima et al., 2005) .
It is easy to recognize that the original waves of the TC subjects is remarkably higher than that of both the control and other surgical subjects in addition to the power amplitude shown in the form of running spectra in the fasting state. However, due to the large S.E., only the fasting epigastric 3-cpm of ch.5 showed a significantly higher power amplitude than the control (Table 3) . The postprandial amplitude increase of the original wave was clearly seen in the control as in the case of the gastric tube (Terashima et al., 2005) .
Spectral frequencies and IF
The spectral frequency of 3-cpm of the TG, DG and CR subjects were significantly higher than both the C and TC subjects in the fasting epigastric ch.5. That of the TC subjects was significantly lower than that of the C subjects in the fasting infraumbilical ch.14 and ch.15 (Table 1) . These results could be explained by the previous report that the colonic frequency and IF of 3-cpm are significantly higher than the gastric ones in normal controls (Homma, 2009) , because the epigastric area after TG and DG is mainly occupied by the colon and the epigstric EGG picks up the colonic myoelectric activity. A similar explanation could be applicable to the results that the fasting IF of 3-cpm of the TG and DG subjects were significantly higher than control and TC subjects in epigastric ch.5 However, significant spectral frequency and IF differences in the 1, 6, 8, and 10-cpm groups are not explicable at present.
Power amplitude and power content
It is quite reasonable that the 3-cpm power amplitude and power content decreases after a total gastrectomy, especially in the epigastric location because it is generally accepted that the gastric myoelectric spectral activity is 3 cpm (Smout et al., 1980; Koch and Stern, 1988; Pezzola et al., 1989; Chen and McCullum, 1994) . Therefore, it is quite reasonable that the epigastric 3 cpm activity of both TG and DG subjects are significantly lower than those of the control and TC subjects. The remaining power amplitude of the 3-cpm group after TG or DG is attributed to colonic activity (Pezzola et al., 1989; Homma et al., 1995; 1999) . This was confirmed in the power content in this study. Similarly, the spectral frequency of the gastric EGG activity is reported to overlap the colonic frequency according to the results of total gastrectomy and total colectomy (Amaris et al., 2002) . The extraordinary higher amplitude of the 3-cpm activity in a total colectomy is clearly seen in the running original waves and in running spectra (see Fig. 2 ). The fasting epigastrium showed a significantly higher 3-cpm power amplitude in the TC subjects than the control. Recordable EGG activity from the skin surface may be enhanced because the electrical resistance of the body surface for recording EGG is reduced because the colonic mass is removed in TC. Human rectal distension induces gastric reflex inhibition of postprandial gastric contractions (Kellow et al., 1987) and delayed gastric emptying (Youle and Read, 1984) . Colonic distension induces gastric reflex relaxation in rats (Bojo and Cassuto, 1992) .
Electrical stimulation of the rectum induced the inhibition of the colonic and gastric tone in dogs (Liu et al., 2006) . Therefore, it is interesting to suppose that such a colono-gastric relaxation or inhibition reflex thus occurs in humans. Colonic removal by a total colectomy may induce the disinhibition or facilitation of the myoelectric activity of the stomach via probable neural or humoral factors. The intestinal myoelectric activity of the EGG can be easily recognized in running spectra after a total gastrectomy, total colectomy, proximal gastrectomy plus jejuna interposition, and total gastrectomy plus jejunal interposition and it is not uncommon to record the intestinal EGG even in normal controls (Homma et al., 1955; 1999; 2004) . Comparisons of them were made in 27 channels in each 5 of spectral groups (Homma et al., 1999) , or just averaged power of epigastric locations (Homma et al., 2004) . However, it was impossible to get significantly higher power amplitude increases than 10-cpm activity in the TG and TC subjects in comparison to controls. The power amplitude was compared in each of the 16 channels of 10-cpm in the control, TG, and TC subjects in the current study. Both TG and TC subjects showed a higher power at 10-cpm than the controls (Table 3A ) but a significant increase of power (P<0.05) was found only in epigastirc ch.2 fasting epigstrium between the TG subjects (13.8 ± 2.9) and controls (6.7 ± 0.9; not shown in the tables).
Topographic EGG maps and maximal power foci
The epigastric 3-cpm maximal power foci (MPF) are thought to reflect the gastric myoelectric activity, because the epigastric 3-cpm maximal foci are sparse in the TG subjects (Fig. 3) . This clearly suggests that the myoelectric activity of the infraumbilical 3 and 6-cpm groups reflect the colonic ones, because the infraumbilical concentration of MPF of 3 and 6-cpm are sparse in the TC subjects (Fig. 3) . The postprandial dense concentration of maximal power foci (Fig. 3) and purple areas on the left and right side in the 1-cpm group and on the right side in 6-cpm in the control topographic EGG maps suggested a trace of the colonic course (Fig. 4) (Homma, 2009) . No such figures in the TC and CR subjects seem to suggest that the colonic activity may contain 1 and 6-cpm groups in addition to the 3-cpm group. The epigastric and infraumbilical higher power areas of the topographic EGG maps in the 1-, 3-, and 6-cpm groups in the CR subjects and several higher power areas of the 10-cpm group suggest intestinal activity in a case (not averaged data; Fig. 3 of Homma et al., 2003) were unclear in the averaged maps in this study (Fig. 4) .
Please Note: Erratum in the previous paper, J. Smooth Muscle Res. 45: (2009) . In the legends for Tables 1A, 1B, 2A and 2B, for "a and z mean P<0.001" read "a and x mean P<0.001".
